Rasmussen's encephalitis is a rare chronic neurological disorder, characterised by unilateral infl ammation of the cerebral cortex, drug-resistant epilepsy, and progressive neurological and cognitive deterioration. Neuropathological and immunological studies support the notion that Rasmussen's encephalitis is probably driven by a T-cell response to one or more antigenic epitopes, with potential additional contribution by autoantibodies. Careful analysis of the association between histopathology and clinical presentation suggests that initial damage to the brain is mediated by T cells and microglia, suggesting a window for treatment if Rasmussen's encephalitis can be diagnosed early. Advances in neuroimaging suggest that progression of the infl ammatory process seen with MRI might be a good biomarker in Rasmussen's encephalitis. For many patients, families, and doctors, choosing the right time to move from medical management to surgery is a real therapeutic dilemma. Cerebral hemispherectomy remains the only cure for seizures, but there are inevitable functional compromises. Decisions of whether or when surgery should be undertaken are challenging in the absence of a dense neurological defi cit, and vary by institutional experience. Further, the optimum time for surgery, to give the best language and cognitive outcome, is not yet well understood. Immunomodulatory treatments seem to slow rather than halt disease progression in Rasmussen's encephalitis, without changing the eventual outcome.
Introduction
Rasmussen's encephalitis was fi rst described by neurosurgeon Theodore Rasmussen and his colleagues in the late 1950s. 1 Since then, the variable clinical features and lack of understanding of cause have created dilemmas in clinical decision making. The 2005 European consensus on pathogenesis, diagnosis, and treatment of Rasmussen's encephalitis remains the accepted guideline for evaluative criteria (panel 1). 2, 3 Progress has been made over recent years in understanding the clinical evolution and pathobiology of Rasmussen's encephalitis. However, despite increasing evidence of an underlying immune process, the primary cause remains unknown. Targeted therapeutic strategies remain elusive. We review the evidence base and highlight questions that still need to be addressed.
Clinical presentation
Rasmussen's encephalitis is a progressive disease characterised by drug-resistant focal epilepsy, progressive hemiplegia, and cognitive decline, with unihemispheric brain atrophy. The disorder is rare and aff ects mostly children or young adults. Investigators in a German study 4 estimated the countrywide incidence at 2·4 cases per 10 million people aged 18 years and younger per year. Similarly, researchers in a recent UK surveillance study 5 estimated an incidence of 1·7 per 10 million people aged 16 years and younger per year (a prevalence of 0·18 per 100 000 people). Sex, geographical, and ethnic predominance have not been reported.
The typical clinical course has been characterised during the past century (fi gure 1). 6 The median age of onset is 6 years, with a range from infancy to adulthood. [6] [7] [8] In some patients, a prodromal period of mild hemiparesis or infrequent seizures might precede the onset of the acute stage by up to several years. The acute stage is marked by frequent seizures arising from one cerebral hemisphere. About 50% of patients with Rasmussen's encephalitis have epilepsia partialis continua. [9] [10] [11] As the disease progresses, diff erent focal seizure semiologies emerge, suggesting newly aff ected areas of infl ammation in the hemisphere. 7 Untreated, children will develop hemiparesis, hemianopia, and cognitive decline within a year of epilepsy onset, 12 and if the language-dominant hemisphere is aff ected, dysphasia. Finally, there is a relatively stable residual stage with a severe fi xed neurological defi cit, motor and cognitive problems, and with persisting diffi cult-to-treat relapsing epilepsy. 13 Some cases of Rasmussen's encephalitis have a less common presentation. Roughly 10% of cases described in case series start in adolescent or adult life. 7 The clinical course is usually slower, and fi nal defi cits are not as severe as in children; 6, [14] [15] [16] the semiology can be more characteristic of temporal lobe epilepsy. 16, 17 Disease presentations have been described with unilateral movement disorders, including hemiathetosis and hemidystonia. 18, 19 The existence of bilateral disease is debated but is probably very rare. Only two out of the roughly 200-300 published cases of Rasmussen's encephalitis had evidence of bilateral disease on histopathology. 20, 21 Further, to the best of our knowledge, no case of contralateral involvement (even when judged by clinical criteria) after surgical treatment of unilateral Rasmussen's encephalitis has been reported.
Rasmussen's encephalitis without seizures might be an unrecognised cause of progressive unilateral neurological defi cits in childhood. 22 Otherwise typical progressive Rasmussen's encephalitis with characteristic histopathological features has been reported in patients with delayed seizure onset, or even the absence of seizures for periods of up to 2 years. 22, 23 Such fi ndings suggest that seizures are not an inevitable consequence of Rasmussen's encephalitis.
Review Neuroimaging and EEG features
MRI of the brain has become a mainstay for diagnostic assessment and follow-up in Rasmussen's encephalitis. 25, 26 Usually, within months of onset of the acute stage, most patients show unilateral enlargement of the ventricular system. A T2/FLAIR hyperintense signal is often present in cortical or subcortical regions, or both, the distribution is heterogeneous, and temporal fl uctuation might be related to seizure frequency in patients without epilepsia partialis continua. 27 The perisylvian region is a predilection site for signal change and volume loss (fi gure 2). Ipsilateral atrophy of the head of the caudate nucleus is a typical but not an invariable accompanying feature of hemispheric atrophy, and can be an early sign. 26 Serial MRIs typically show progression of signal change and atrophy. Recent radiological volumetric approaches describe the highest rate of volume loss in the fi rst 8 months of disease, the acute clinical phase, 6 and putamen predominance, rather than caudate predominance, in the basal ganglia. 28 Some atrophy is always evident, even of the unaff ected hemisphere, probably as a result of degeneration of commissural fi bres. 29 Functional studies using ¹⁸F-FDG PET show diff use unilateral cerebral hypometabolism that might manifest when MRI atrophy is still at a minimum. 30 Widely varying abnormalities in electroencephalograms (EEG) are seen in patients with Rasmussen's encephalitis, 31 which are often related to clinical progression. No specifi c EEG abnormalities can distinguish Rasmussen's encephalitis from other causes of focal epilepsy. However, from an initially normal EEG, persistent high amplitude delta activity can develop over the aff ected hemisphere within months of seizure onset. 
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Epileptiform abnormalities are frequent and they often develop into electrographic seizures, but epilepsia partialis continua is not always accompanied by visually recognisable ictal surface EEG activity. 31 Independent interictal abnormalities over the non-aff ected hemisphere emerge within 6 months in 25% of patients and in 62% within 3-5 years from seizure onset. These contralateral abnormalities are associated with, and can be a marker of, cognitive decline, but do not seem to be indicative of bilateral disease. 2 The most characteristic features are the progressive unilateral loss of function and contralateral hemispheric atrophy that happen over several months or a few years. Findings of previous serial and cross-sectional investigations lend confi dence to the diagnosis. However, with the use of immunosuppressive treatment, the expected progressive changes, especially in the MRI hemispheric atrophy, might be slower (fi gure 2), making the clinician less confi dent in making the diagnosis of Rasmussen's encephalitis and hence its treatment. Additional descriptive and larger cohort studies are needed to better characterise and refi ne the more recent clinical characteristics and course of Rasmussen's encephalitis, particularly with increasing use of immunosuppressive treatments.
Pathobiology
The characteristic histopathological hallmarks of Rasmussen's encephalitis are cortical infl ammation, neuronal loss, and gliosis confi ned to one cerebral hemisphere (fi gure 3). 1 Infl ammation is multifocal within the hemisphere and progressive. Microglial and lymphocytic nodules and perivascular cuffi ng, neuronal death, and neuronophagia are the most common pathological features. End-stage features include cortical cavitation, marked astrogliosis, and neuronal cell loss. This progression seems to be consistent with an immune-mediated disease that is likely to be associated with both adaptive immune reactions, with T-lymphocyte responses, and innate immunity facilitated by both microglia and astroglia. 32 Any area of the brain can be aff ected, but recent radiological studies agree with the long-standing pathological fi ndings of a fronto-insular predilection, with the occipital cortex less frequently aff ected. When the occipital cortex is involved, the patients tend to be younger with a higher burden of disease. 28, 32, 33 Heterogeneity and variability in lesion location, progression of disease, and magnitude of pathological changes, are quite substantial within and between patients and suggest a disease process aff ecting diff erent parts of the brain at diff erent times. 25, 32, 33 There are two patterns of cortical damage in Rasmussen's encephalitis: a gyral pattern with 
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involvement of large areas of the top or sulcal regions of a gyrus; and less frequently wedge-shaped or punchedout lesions. An area of pronounced cortical damage is often surrounded by normal cerebral cortex or milder stages of infl ammation, explaining why a biopsy can be misleading. Four stages of neuropathological progression in Rasmussen's encephalitis have been described, 32 suggesting a continuum of cortical injury mediated by T-lymphocyte and neuroglial activation, and underpinning the role of immune and neuroglial pathogenic mechanisms. 32 Additionally, morphological changes, such as focal cortical degeneration seen in late stages of cortical pathology, resemble those described in excitotoxic cortical injury, 34 suggesting that other factors, such as excitotoxicity, might be involved.
Results of case series of surgical specimens have also shown dual pathology, with the fi nding of focal cortical dysplasia or tuberous sclerosis in association with Rasmussen's encephalitis. 35, 36 More recently, infl ammation has been described in association with focal cortical dysplasia type 2b lesions. 37 Involvement of perilesional cortex is yet to be established, but the question arises: could Rasmussen's encephalitis begin from infl ammation around a focal cortical dysplasia or are some cases of Rasmussen's encephalitis in fact focal cortical dysplasia type 2b with infl ammation?
Neuroimmunology
Evidence for an immunopathological basis of Rasmussen's encephalitis is growing. The immunopathological mechanisms recognised to have a role in CNS degeneration can be categorised into three types: antibody-mediated, T-cell cytotoxicity, and microgliainduced degeneration.
Antibody-mediated CNS degeneration
Although traditionally the brain is thought to be protected against the humoral immune system, data from recent studies suggest that this is not necessarily the case. Over the past 10 years it has become clear that there are a number of diff erent CNS disorders associated with potentially pathogenic circulating antibodies to neuronal surface proteins. 38, 39 The fi rst such autoantibody to be identifi ed, against GluR3, was in Rasmussen's encephalitis, and for some years antibody-mediated mechanisms dominated Rasmussen's encephalitis research. 40 However, GluR3 antibodies were found in only a few patients with Rasmussen's encephalitis, [41] [42] [43] and plasmapheresis helped only a few patients. 44 Antibodies against other antigens, such as the alpha-7 nicotinic acetylcholine receptor or Munc-18-1, were then identifi ed in sera from a few patients with Rasmussen's encephalitis, but this was not subsequently reported. [45] [46] [47] Munc-18 is an evolutionarily conserved neuronal protein essential for synaptic vesicle release; however, it is an intracellular protein and is therefore unlikely to be a main target. 47 The MUNC18-1 gene is also termed STXBP1, and mutations in this gene are a cause of early infantile epileptic encephalopathy.
Antibodies to LGI1, AMPA receptors, and GABA-B receptors were detected in individuals with limbic encephalitis, and NMDA receptor antibodies in a more complex encephalopathy; these diseases do respond to immunotherapies, suggesting that one disease entity does not necessarily imply one pathogenic agent. 38 Indeed, one case is reported of anti-NMDA receptor encephalitis mimicking the acute phase of Rasmussen's encephalitis. 48 Nevertheless, even these highly-specifi c cell surface-directed antibodies can occasionally be present in patients with neurodegenerative disease, in which case these antibodies are probably secondary to the pathology rather than causative. Because none of the autoantibodies have been found in more than a small Review number of patients with Rasmussen's encephalitis, and responses to plasma exchange are unpredictable, the role of CNS autoantibodies in the pathogenesis of Rasmussen's encephalitis is still unclear.
T-cell cytotoxicity
Cytotoxic T lymphocytes seem to play a major part in the pathogenesis of Rasmussen's encephalitis. Most of the infl ammatory T cells are CD8 and about 10% of these cells are granzyme B-positive cells. Such granzyme B cells were found in apposition to neurons and astrocytes, with polarisation of the cytotoxic granules to face the target cell membrane; release of granzyme B onto neurons was occasionally noted. 49 Furthermore, spectra-typing of the T cells from brain lesions showed that these cells expanded from discrete, antigenic, epitope-responding, precursor T cells, 50 suggesting specifi city for single brain antigens. The next goal would be to fi nd such driving antigens in the brains of patients with Rasmussen's encephalitis. Because neurons and astrocytes are attacked by cytotoxic T cells, 51 one might predict that an autoantigen was expressed by both these cell types. However, the identity of the antigen remains elusive.
Another possibility is that, rather than recognising an autoantigen, these cytotoxic T cells might recognise foreign antigens from pathogen-infected neurons and astrocytes. The presence of pathogen-infected cells in a focal area of the brain also could explain the unilateral occurrence of the disease. In the past, brain tissue from patients with Rasmussen's encephalitis has been tested for the presence of several viruses, including EpsteinBarr virus, cytomegalovirus, herpes simplex virus, and enterovirus. [52] [53] [54] [55] None of these studies was able to show a causal association between Rasmussen's encephalitis and a specifi c virus, although relatively few well-known viruses have been investigated. Finding a rare virus would be much more diffi cult because methods are scarce. Furthermore, infected cells under cytotoxic T-cell attack can be injured and later engulfed by microglia and macrophages, in which case the chances of fi nding a virus most likely occur early in the disease when surgical sampling is less frequent. Thus, the search for a Rasmussen's encephalitis pathogen, particularly if it is rare, will be challenging.
Microglia-induced degeneration
Microglial activation is one of the neuropathological characteristics described in Rasmussen's encephalitis. 1 The degree of activation of these cells can vary in diff erent areas of the brain, 56 but follows closely the pattern of T-cell infi ltration and stages of progression of cortical damage. 32 Microglia, via release of factors such as interleukin 1 and other pro-infl ammatory cytokines, participate in the induction of seizures in other epileptic disorders. 57, 58 Activated microglia can also participate in complement-mediated synaptic stripping that can increase network excitability. 59, 60 However, the specifi c pathogenic role of microglial cells in Rasmussen's encephalitis is still unclear. In addition to microglial activation, astrocytes are also activated in Rasmussen's encephalitis; 51 the pattern of astroglial activation follows closely the progression of cortical damage. 32 Astrocytes might have a role in the pathology of several epileptic and infl ammatory disorders of the brain. 61 Therefore, in Rasmussen's encephalitis, astrocytes probably have a similar role in the infl ammatory response. However, astrocytes are also lost with continuing disease activity, most probably also by means of a cytotoxic T-cell reaction. 51 In Rasmussen's encephalitis, CSF albumin concentration increases with disease progression. 62, 63 Albumin uptake is followed by downregulation of inward-rectifying potassium (Kir 4.1) channels in astrocytes, resulting in reduced buff ering of extracellular potassium and NMDA receptor-mediated neuronal excitability. As such, albumin leakage via modulation of astrocytes might enhance the initiation of seizures during the course of Rasmussen's encephalitis.
Infl ammatory gene expression
To gain further insight into the nature of the immune response in Rasmussen's encephalitis, the relative expression levels of 86 mRNA transcripts implicated in infl ammation and autoimmunity were measured by quantitative PCR in 12 Rasmussen's encephalitis brain tissue specimens and compared with specimens from a cohort of 12 cases of cortical dysplasia. Patients with cortical dysplasia have focal seizures, display abnormalities in cortical neuron diff erentiation, and histopathological evidence suggests an infl ammatory response is present but is less severe than in Rasmussen's encephalitis. Findings of the analysis showed that a subset of seven functionally-related genes that code for interferon-γ, CCL5, CCL22, CCL23, CXCL9, CXCL10, and Fas ligand were expressed at higher levels in the Rasmussen's encephalitis cohort compared with the cortical dysplasia cohort. These genes are related to the activation of helper and inducer, and memory and eff ector T cells, and include genes for specifi c chemokines that might have a role in the recruitment of these T cells to sites of infl ammation. 64 The problem is that none of the studies described above was done at the earliest expression of the disease, and consequently the main pathology is unknown. Many of the fi ndings could, in theory, be secondary rather than primary to the disease process. The search for a primary immune or viral factor needs to continue because such a discovery would enable earlier diagnosis, and would enable clinicians to decide which of the phenomena described above are primary or secondary; this information is essential to establish the eff ectiveness of immunotherapy.
Treatment Medical
Treatment in Rasmussen's encephalitis aims to reduce seizure severity and frequency and improve the Review functional long-term outcome, as measured by both motor and cognitive performance. However, to date, treatments have only alleviated the symptoms 65 and have not tackled the underlying causes.
Seizures
Antiepileptic drugs have a limited eff ect on seizures and disease progression in Rasmussen's encephalitis. Epilepsia partialis continua in particular tends to be refractory to antiepileptic drugs. A realistic aim of antiepileptic drug therapy in Rasmussen's encephalitis should be to protect the patient from the most severe seizures, namely bilateral convulsive seizures, rather than to achieve seizure freedom. Treatment should therefore be adjusted to achieve optimum seizure control with the fewest sideeff ects. 66 Cases are reported of botulinum toxin successfully injected into the zygomaticus for facial myoclonus and into upper limb muscles for localised epilepsia partialis continua,reducing painful spasms and improving functional use of the limb. 67, 68 Case series of short-term intense immuno-interventions, such as steroid pulses, apheresis treatment, 44 and a case report and an open-label trial of rituximab infusions 13, 69 have shown a temporary benefi cial eff ect on seizure frequency. In 2011, case reports were published of seizure improvement with vagus nerve stimulation therapy and transcranial magnetic stimulation. 70, 71 However, most cases of Rasmussen's encephalitis are resistant to antiepileptic drugs.
Treatment directed against the primary process
In view of the belief that Rasmussen's encephalitis is an immune-regulated process, immunosuppressive or immunomodulatory treatments are being assessed. The eff ects of long-term immunotherapy for Rasmussen's encephalitis have been described in case reports or small, uncontrolled patient series. Findings from these publications show the most positive experience with long-term corticosteroids, 44, 72, 73 intravenous immunoglobulins, 44 ,74-76 plasmapheresis or protein A im munoabsorption, 44, 77, 78 and the T-cell inactivating drugs tacrolimus 12 and azathioprine. 79 Strategies have also been proposed that start with steroid pulse treatment and change to tacrolimus. 80 A recent prospective randomised trial 4 assessed the eff ect of long-term immunotherapy with tacrolimus or intravenous immunoglobulins. Compared with a historical control group, immuno therapy with either of these agents protected against functional or structural damage. However, the study was underpowered to assess the superiority of one of the drugs. The discrepancy between the (likely) antidegenerative eff ect and the apparently absent anti-seizure eff ect might lead to a novel artifi cial situation, a kind of Pyrrhic victory, in some patients. With preserved functions, these patients are diffi cult to refer for hemispherectomy surgery despite having intractable and severe epilepsy.
Whether such treatments improve the long-term outcome of patients, particularly cognitive endpoints, remains unclear. Certainly in the open-label case series of azathioprine treatment, cognitive decline continues; therefore, imperfectly eff ective immunological interventions might unacceptably postpone hemi spherectomy. 81 This concern seems particularly relevant in patients with very active, drug-resistant epilepsy who might otherwise be considered for a diagnosis of Rasmussen's encephalitis. Therefore, the search continues for immunological treatments that can halt both the seizures and the functional decline (ie, loss in motor and cognitive performance). Promising candidates might come from multiple sclerosis treat ments, 82 including compounds reducing the likelihood of T-cell entry into the CNS (table), although the potential toxic eff ects and adverse eff ects are concerning, particularly for a disorder that aff ects mainly a paediatric population. Promising results have been seen in one case study of natalizumab, which blocks entry of T cells into the CNS. 84 
Surgery
Surgery still remains the only cure for the seizures caused by Rasmussen's encephalitis. This has functional consequences because the only eff ective surgery remains complete disconnection of the aff ected hemisphere (hemidisconnection), either as (functional) hemispherectomy or hemispherotomy. Homonymous hemianopia and hemiplegia are inevitable, although both might be present before surgery. Rehabilitation to independent walking is expected although fi ne motor movement in the hand on the aff ected side is not. Small resections can sometimes be preferable to preserve function, but no investigators have reported sustained seizure freedom after limited resection in patients with Rasmussen's encephalitis. Hemispherectomy off ers one of the best chances of making patients with Rasmussen's encephalitis seizure free (>70-80% long-term seizurefree outcome). 65 The decision in older children and adults can be more diffi cult if the disease aff ects the dominant hemisphere.
Timing of surgery can be guided by the severity of epilepsy. Some advocate for early surgery to protect the contralateral normal hemisphere from repeated seizures and progressive neuropsychological loss. Few longitudinal studies of children with Rasmussen's encephalitis have been done. Available data suggest that not all children with Rasmussen's encephalitis show a decline in intellectual ability over time, but in those who do, the decline is associated with the appearance of contralateral, independent interictal epileptiform discharges. 11 Therefore, although cognitive decline is not inevitable, the appearance of contralateral EEG abnormalities might highlight those at risk, and consequently those for whom surgery should be discussed. Group data suggest little change in psychological outcome before and after the operation. 85 Moreover, fi ndings of studies of children undergoing hemispherectomy for pathologies including Rasmussen's encephalitis show short seizure duration is Review associated with better cognitive outcome, 86, 87 suggesting that earlier surgery should be considered to improve these outcomes. Most results show cognitive stabilisation after hemispherectomy, [88] [89] [90] with better cognitive outcome in non-dominant-hemisphere surgery and poorer outcome in dominant-hemisphere surgery and in individuals with refractory seizures after surgery. 80 Extrapolation of these fi ndings to the individual patient should be done with caution because global measures, such as full-scale intelligence quotient measurement, do not adequately describe or assess functional outcome, particularly in the setting of language or memory defi cit.
How much language transfer is possible from the dominant hemisphere is probably dependent on age at the start of the disease process. Disease in the hemisphere that is designated to become the hemisphere responsible for language in individuals younger than 5-6 years usually results in recruitment of the contralateral hemisphere for language functions. 2 Anecdotal reports have shown transfer of language clinically or through functional MRI (fMRI). 91 The question remains of whether such a process is driven more eff ectively through early surgery, or whether waiting will enhance the process. However, it is rare for an individual to be rendered completely aphasic by such a procedure, 92 and useful aspects of language might be retained even after surgery in patients with a late onset of disease (most receptive functions are retained, whereas expressive language is restricted to telegraphic speech [two or three word] output).
Advances in fMRI for language enable an indication of the degree of transfer at any time, and this helps to predict whether useful aspects of language can be retained and help with the surgical decision-making process. The gold standard for prediction of postoperative language performance in epilepsy surgery remains the Wada test, which is done by injection of a barbiturate into the aff ected hemisphere. The balance has to be made between what is to be lost by waiting, and likely gained by surgery; the danger of the seizures themselves and the presumed neuropsychological compromise need to be considered. A decision aid based on the relative severity of motor defi cit and seizure disorder has been suggested (fi gure 4). 65 Although this aid might be useful as a guide, the disease process will diff er between individuals and therefore such decisions need to be made on an individual basis.
Conclusions and future directions
Rasmussen's encephalitis is a progressive disease of one cerebral hemisphere, with management complicated by diffi culties in making an early diagnosis. Although much progress has been made in establishing the likely No experience in Rasmussen's encephalitis Perindopril A brain-penetrating angiotensin-converting enzyme inhibitor, reported to reduce cognitive decline in Alzheimer's disease; suppresses microglia and astrocyte activation and decreases inducible nitric oxide synthase expression 83 No experience in Rasmussen's encephalitis
Target excitotoxicity

COX-2 inhibitors
Experimentally, non-selective COX inhibitor naproxen and specifi c COX-2 inhibitor rofecoxib ameliorate excitotoxic neuronal damage 34 No experience in Rasmussen's encephalitis Review underlying process, the triggers and markers of those at risk for Rasmussen's encephalitis remain elusive (panel 2). The disease is complicated by variable presentations, based on age and severity, making it diffi cult to stratify patients for focused studies.
The hunt for the Rasmussen virus or antigen needs continuing eff orts. So far, data from histopathology studies suggest that the earliest components of change include microglia and early death of glia and neurons. Findings of studies using tissue samples from cases of Rasmussen's encephalitis support the notion that only one or a few antigens probably produce the disease in the brain. Previous attempts to fi nd viral antigens used techniques that were not sensitive enough, and state-ofthe-art analyses should be used to confi rm or refute the viral hypothesis. Equally, quicker identifi cation of patients might make it possible to show more convincingly the presence of serum or CSF autoantibodies to one or more neuronal antigens, if these do indeed exist.
Aspects that deserve further consideration are genetic and environmental interactions. To date, no clear pattern of familial inheritance in Rasmussen's encephalitis has emerged, but in one early study 93 decreased IgA concentrations and increased frequency of HLA type DR6 were more likely in patients with Rasmussen's encephalitis and in fi rst degree relatives than in controls, suggesting a possible genetic predisposition. More research will be needed to confi rm these preliminary observations. In 2008, a mutation in SCN1A was described in association with a case of Rasmussen's encephalitis. 94 The advantage of exploring genetic avenues is that they are unidirectional and not complicated by the time from diagnosis or disease stage. One aspect that genetics might inform is the tantalising issue of why Rasmussen's encephalitis almost always remains unilateral. Genetically determined malformations of cortical development can be unilateral and one could, for example, hypothesise a threehit hypothesis starting with a genetic defect that aff ected cell migration in the fetal brain, combined with a Figure 4 : Suggested therapeutic management of the patient with Rasmussen's encephalitis *A judgment or decision to be made by the patient, carers or parents, and the treating physician. †This is a matter of consideration, not an objective measure. ‡This will mainly apply to patients with short disease duration and preserved function of the aff ected hemisphere. §There is no evidence to support any special agent.
¶No formal recommendation regarding the intervals can be given, and will be aff ected by the needs of the patient. If the course is unsatisfactory, the patient will most probably return to the treating institution needing reassessment. Modifi ed from Bien and Schramm, 65 by permission of Elsevier. 
What causes Rasmussen's encephalitis?
The cause of Rasmussen's encephalitis is unknown. On the basis of the earliest immunological response, the infl ammation in the brain seems to be driven by an antigen, which could be foreign (an infectious agent) or autoimmune. Another possibility could be that Rasmussen's encephalitis is the consequence of dysfunction of the immune response to the presentation of an otherwise minor antigen. That dysfunction could be genetic in origin. These possibilities can be explored in hypothesis-driven studies.
Why does Rasmussen's encephalitis only aff ect one cerebral hemisphere?
The answer to this question would depend on the source of the presumed antigen that initiates Rasmussen's encephalitis. If the antigen is a foreign infectious agent, this could explain why Rasmussen's encephalitis is unihemispheric but without a side preference. If Rasmussen's encephalitis is an autoimmune disease, attention might need to be focused on recently discovered genes and proteins related to individual cerebral hemisphere brain development expressed only on one side.
What approaches might be used to advance research and treatment?
Eff orts directed by the professionals and families of the RE Children's Project are addressing the key questions regarding identifi cation of the cause of Rasmussen's encephalitis. With up-to-date molecular techniques, studies are underway to elucidate whether antigens are associated with Rasmussen's encephalitis and if these antigens are foreign or autoimmune. Studies will examine, with exome sequencing, whether signs exist of germline or somatic mutations in the brains of patients with Rasmussen's encephalitis. If infectious antigens can be eff ectively ruled out, empirical treatments with many already FDA-approved antiinfl ammatory drugs could be tried in patients with Rasmussen's encephalitis. The response to particular drugs might provide clues to the cause of Rasmussen's encephalitis. For any of these approaches to be successful, large numbers of patients with Rasmussen's encephalitis need to be identifi ed for studies, a challenge for a very rare brain disease. Here again, the RE Children's Project could be key-a non-profi t international organisation bringing together patients, their families, and key centres interested in Rasmussen's encephalitis research and treatment development with social media.
genetically predisposed immune system that over-reacted to a rare virus infection. Further genetic studies in larger numbers of patients could be very helpful, although in such a rare disorder, international collaboration and very careful attention to the appropriate controls will be needed. Neuroimaging has emerged as a useful biomarker of disease, 28, 47 but biochemical biomarkers are scarce or have only preliminarily been explored. 63 Techniques such as label-free quantitative proteomic analysis of CSF and nano-high-performance liquid chromatography with electrospray-ionisation quadrupole time-of-fl ight mass spectrometry of brain tissue might establish something that is unique to Rasmussen's encephalitis, and inform the development of more accessible biomarkers. The knowledge of pathobiology and treatment in other autoinfl ammatory grey matter diseases, which now include early-stage multiple sclerosis, might inform treatment of Rasmussen's encephalitis. Rasmussen's encephalitis is a rare disorder; collaborative international studies using both archival tissues and prospective collection with recruitment into clinical trials are greatly needed.
Until the causes of Rasmussen's encephalitis are known, it is diffi cult to anticipate how treatments will improve. Various attempts using immunotherapy have been tried in the past decade. Some slow the progress of the disease, but none has successfully cured or even halted the progression of disease. The disease course seems to be changed, favouring more protracted and less severely hemiatrophic and hemiplegic courses, presumably as the result of immunotherapy. This change might have an eff ect on surgical decision making, but it is unclear whether this has substantially changed the overall outcome of the disease. In fact, there seems to be an increasingly common scenario in which immunotherapy has slowed the patient's functional decline but not the frequent, handicapping seizures, which the patient might have endured for years. Such a situation creates a therapeutic dilemma; hemi spherectomy is not favoured because of the inevitable postoperative functional defi cits, but a real risk exists that treatments used to delay progression of the disease will delay defi nitive surgical treatment beyond the time when an optimum posthemispherectomy outcome could be expected.
Use of immunotherapies in patients with acute encephalitis and the relevant viral or antibody biomarkers has changed clinical practice and patient outcomes. One would hope that combined descriptive clinical studies, genetic analyses, and early histopathological examination of Rasmussen's encephalitis tissue specimens, looking for both viral and autoimmune pathology, will accelerate research eff orts to identify the main causes of this disease. Development of appropriate in vitro or animal models will then make it possible to study both cause and eff ects, and might help to direct clinical trials.
Further systematic randomised clinical trials are needed to clarify the effi cacy of new non-surgical treatment options that might be used to control seizures and preserve neurological function. In a rare disease, such studies will need to be multicentre to realistically achieve appropriate outcomes with standardised data collection. Furthermore, long-term outcome data are needed in patients to provide a comparative dataset. The RE Children's Project has brought centres together to address these issues and facilitate a repository of tissues from patients with Rasmussen's encephalitis so that patient material is available for research studies.
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Search strategy and selection criteria
We searched PubMed for articles published in English between Jan 1, 2005, and Sept 30, 2013, with the search terms "Rasmussen encephalitis", "Rasmussen syndrome", and "Rasmussen disease", and reviewed the references. We also referred to our personal databases of papers and information; therefore, data for this review also came from references contained within older relevant articles and from clinical data of individual cases or case series described in published abstracts. From the available resources, we selected sources of particular relevance to basic science understanding and to treatment in Rasmussen's encephalitis.
